Porins are pore-forming outer-membrane proteins which serve as a non-specific pathway for the entry of hydrophilic molecules into Gram-negative bacteria. We studied four strains of Haemophilus influenzae that had decreased permeability to chloramphenicol associated with diminished quantities of a 40 kDa major outer-membrane protein. Isogenic pairs of organisms containing and lacking this protein were compared. The latter strains grew more slowly and were less permeable to sucrose and raffinose. They were also more resistant to multiple hydrophilic antibiotics than an isogenic strain containing the 40 kDa protein and were less permeable to penicillin G and chloramphenicol. We conclude that the 40 kDa outer-membrane protein functions as a porin in H . influenzae.
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Se = [Vmtact/(Vmax -Vm,act)I x K m Each assay was done in duplicate and repeated three times.
Uptake of oligosaccharides. A modification of the technique of Decad & Nikaido (1976) was used to examine the uptake of ['4C]sucrose (M, 342 .3) and [3H]raffinose (M, 504.5) . A 500 ml broth culture of each organism was grown to mid-exponential phase (about 5 x lo8 c.f.u. ml-I) and harvested by centrifugation. The organisms were washed and resuspended in 2 mlO.025 M-sodium phosphate buffer (pH 7.0). To 400 pl cell suspension was added 1.5 pCi (55.5 kBq) [14C]sucrose and 0.5 pCi (18.5 kBq) [3H]raffinose; unlabelled sucrose and raffinose were added at a final concentration of 0.01 M and 0.02 M, respectively. Cells were plasmolysed by the addition of 0.3 M-NaCl. Samples were vortexed briefly, incubated for 5 min at room temperature and centrifuged at 12000 g for 3 min. The supernatant (S,) was retained, the tube was carefully dried, and the pellet was resuspended in 1 ml phosphate buffer. After 10 min at room temperature, the cells were again pelleted and a sample of supernatant was retained (&) . The radioactivity in S , and S2 for each strain was separately determined by double-label counting in a Packard Tricarb scintillation spectrometer and the permeable space for sucrose and raffinose was calculated for each strain: Total radioactivity in S2
Radioactivity pl-I in SI
Permeable space = Colony counts were done following washing and resuspension of the original culture to enable interstrain comparison.
R E S U L T S
Growth rate. The growth rates of strain MAP and three transformant strains deficient in the 40 kDa outer-membrane protein (40K OMP-) were compared (Fig. 1 ). In five separate experiments, the transformants consistently grew more slowly and achieved a lower ODhoo than strain MAP. MICs. MICs of nine hydrophilic antibiotics for strain MAP, the chloramphenicol-resistant clinical isolates and the 40K OMP-transformants are listed in Table 1 . The strains deficient in the 40 kDa protein were less susceptible to chloramphenicol, tetracycline, ampicillin and firstand second-generation cephalosporins than strain MAP. Susceptibility to cefotaxime and moxalactam was equivalent. These results suggest a non-specific permeability barrier to many hydrophilic antibiotics in addition to chloramphenicol.
Permeability to penicillin G . The permeability of the outer membrane to penicillin G was determined for strains MAP(RSF007) and T F 76-8 1739-7(RSFO07). Each assay was done in duplicate and repeated three times. The calculated ratio of internal to external concentration of penicillin G (SJS,, mean k SD) was 0.76 & 0.27 for MAP(RSF007) and 0.05 & 0.03 for T F 76-8 1739-7(RSFO07). The calculated minimum internal (periplasmic) concentration of penicillin G for strain TF 76-8 1739-7 compared with that for strain MAP suggests an outer-membrane impermeability to Q-lactam antibiotics as well as to chloramphenicol.
Permeability to oligosaccharides. The relative permeability to [ 4C]sucrose and [ 3H]raffinose of H. influenzae strains MAP and T F 76-81739-7 was compared; Escherichia coli strains C600 (Bachmann, 1972) and CmlB, a porin-deficient, chloramphenicol-resistant mutant (Reeve, 1968) , served as controls (Table 2) . Experiments were done in duplicate. Strains TF 76-8 1739-7 appeared to have decreased penetration of both sucrose and raffinose compared with strain MAP, supporting the hypothesis of a generalized permeability barrier to hydrophilic . coli mutant (Reeve, 1968) .
compounds. In addition, for all four strains examined there was relatively lower permeability to raffinose than to the smaller saccharide, sucrose. However, in the H. influenzae strains, the difference was not as striking as in the E. coli strains. This is consistent with the existence of a higher exclusion limit in H. influenzae.
DISCUSSION
Porins were first identified in the Enterobacteriaceae, and porin physiology has been defined in E. coli and Salmonella typhimurium. There are two major porin proteins in E. coli K 12, OmpF and OmpC (Lutkenhaus, 1977; Lugtenberg et al., 1975) ; in S . typhimurium there are three, 36K, 35K and 34K (Nakae & Ishii, 1978) . The proteins function as non-specific pores facilitating the diffusion of small hydrophilic molecules including saccharides, amino acids, nucleotides and antibiotics (Heuzenroeder & Reeves, 1981 ; Nakae & Nikaido, 1975; Nikaido et al., 1977; van Alphen et al., 1978) . Nikaido and co-workers (Decad & Nikaido, 1976; Nakae, 1976) determined the exclusion limit for enterobacterial porins to be 600-800 Da.
The role of porins in antibiotic susceptibility has been well characterized in the Enterobacteriaceae : porin-deficient mutants with altered outer-membrane permeability have been selected using antibiotic resistance as a marker. E. coli mutants deficient in OmpF, OmpC, or both, exhibit decreased penetration of hydrophilic antibiotics including P-lactams, tetracycline and chloramphenicol, with resultant phenotypic resistance (Chopra & Eccles, 1978 ; Nikaido et al., 1983; Reeve, 1968 ). S. typhimurium mutants deficient in the 36K and 34K proteins, together or singly, have decreased permeability to P-lactams (Nikaido et al., 1977) . Vachon et al. (1985) reported a 40 kDa protein present in outer-membrane fractions that formed transmembrane permeability channels in H. influenzae type b. When this protein was introduced into reconstituted vesicles, they became permeable to sucrose, raffinose and stachyose ( M , 666) but fully retained dextrans larger than 1500 Da.
We previously reported four unencapsulated clinical isolates of H. influenzae, having decreased permeability to chloramphenicol associated with the apparent absence of a 40 kDa major outer-membrane protein (Burns et al., 1985) . The data we present here confirm the hypothesis that this protein functions as a porin in uivo. Strains lacking the protein exhibit a slower growth rate and a relative decrease in accumulation of saccharides in addition to a generalized decrease in antibiotic susceptibility and a specific decrease in penicillin G permeability. Thus, the 40K OMP-strains are deficient in two porin-mediated functions: nutrient uptake and antibiotic accumulation.
We conclude that the 40 kDa major outer-membrane protein functions as a porin in H. influenzae. The growth of 40K OMP-deficient strains in the laboratory and their ability to infect patients suggest that alternative porins (either constitutive or inducible) function in these strains.
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